A State-of-the-Art review on the drive of renewables in Gujarat, State of India: Present situation, barriers and future initiatives by Elavarasan, R.M. et al.
energies
Review
A State-of-the-Art Review on the Drive of
Renewables in Gujarat, State of India: Present
Situation, Barriers and Future Initiatives
Rajvikram Madurai Elavarasan 1,* , G. M. Shafiullah 2,* , Nallapaneni Manoj Kumar 3,4 and
Sanjeevikumar Padmanaban 5
1 Department of Electrical and Electronics Engineering, Sri Venkateswara College of Engineering,
Chennai 602117, India
2 Discipline of Engineering and Energy, Murdoch University, 90 South St, Murdoch, WA 6150, Australia
3 School of Energy and Environment, City University of Hong Kong, Kowloon, Hong Kong, China;
nallapanenichow@gmail.com or mnallapan2-c@my.cityu.edu.hk
4 Sustainable Solutionz, New #42, Old #51, 3rd Floor, Thirumalai Pillai Road, T Nagar, Chennai 600017, India
5 Department of Energy Technology, Aalborg University, 6700 Esbjerg, Denmark; san@et.aau.dk
* Correspondence: rajvikram787@gmail.com or rajvikram@svce.ac.in (R.M.E.);
gm.shafiullah@murdoch.edu.au (G.M.S.)
Received: 31 October 2019; Accepted: 17 December 2019; Published: 19 December 2019


Abstract: Given the recent increasing public focus on climate change issues, the share of electricity
generation by renewable energy resources is increasing day by day. Increased renewables share will
give us robust, sustainable, and climate-friendly energy systems for the future. Renewable energy
penetration with the current power systems needs substantial research, planning and development
which are now the primary focus throughout the world. In this study, a global renewable energy
scenario is explained in detail in contrast with India, considering a case study elucidating the
comprehensive review of the Gujarat state in India. The primary focus is on Gujarat state’s actions
plans to pertain to harvest renewable energy and maximizing its share in the energy mix. This study
examines the actions and the policies adopted by the Gujarat government to overcome the potential
barriers in order to support non-conventional as well as renewable energy development. It also
investigates the numerous techno-economic and social constraints with possible solutions in promoting
the deployment of upcoming renewable energy resources across Gujarat. This study can be used as a
guideline for the government, policymakers, utilities, stakeholders and researchers to promote an
increased renewable energy share in Gujarat as well as at other places around the globe.
Keywords: Renewable Energy (RE); energy policy; RE prospects in India; RE current scenarios; RE
policy; RE barriers in India; India’s most solar-powered state; Gujarat energy initiatives; lessons
learned from renewables; renewables recommendation in India
1. Introduction
Current practices of power generation, transmission, and distribution can be considered as a
prime cause of climate change effects. At present, the use of fossil fuels for power generation accounts
for more than 75%. Carbon dioxide is a major source of greenhouse gas and the energy sector produces
nearly 75% of the total carbon dioxide emission across the globe [1]. Moreover, the statistics reveal
that approximately 1.2 billion people across the globe do not have access to electricity [2,3]. Statistics
account for “over 50 million people in Africa and 300 million people in India” [2,3]. A reliable, naturally
available, and climate-friendly renewable energy integrated power system is, therefore, an essential
global need today. The United Nations Development Program (UNDP) established Sustainable
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Development Goals (SDGs) in January 2016, with 17 goals, which also aimed at achieving affordable
and clean energy for all [4]. The government of India, under the SDG’s India Index, is planning to
deliver a complete view on the “social, economic, and environmental status of the country”. The
National Institution for Transforming India (NITI), shortly referred to as NITI Aayog, started a broad
exercise to measure the progress of “India and its States towards the SDGs for 2030” [5]. As of 2010,
the global power production from non-hydro renewable energy resources accounted for about 3.3%.
The support from the new policies, there has been a growth in renewables, which increased to 5% by
2011 [6]. In the early days, most industrialized countries were considered as the roots of renewable
energy innovation. However, in recent years, many developing countries, especially China and India,
have become popular leaders in renewable energy use, as well as an innovation [7].
Considering India’s current energy situation, it should decrease the emissions from the energy
sector in the future and is expected to curb the rise in temperatures to below 2 ◦C by 2100 to support the
global effect indicated in the Paris agreement [8]. About 44% of India’s rural households, i.e., 138 million,
produce lighting through electricity, an efficient and reliable source of power. The remaining 55%
primarily use kerosene, an inefficient source and its price have also become costly [9]. The depletion
of natural resources and increasing demand is ubiquitous in all states of India. There is a shortage
of energy, and hence, it slows down India’s industrial and economic growth. The erection of new
conventional power plants is tendentious and on the other side, fossil fuels are draining. The per-unit
capita consumption of energy in India is increasing rapidly because of the growth of the population and
industries. The prevalent energy crisis in India and its vulnerability led to an increase in energy prices,
which later triggered the interest to promote alternative sources of energy. Hence, the government is
on the verge of looking at alternate sources of energy that are climate-friendly and abundant, such as
solar energy, wind energy, biomass energy, geothermal energy, and hydro energy. The use of renewable
energy (RE) sources rather than conventional energy sources, such as coal, nuclear etc., facilitates
the sustainable pathways in the power generation sector. India is in need of providing a reasonable,
reliable, and eco-friendly source of energy. Hence, it is crucial to use both renewable and non-renewable
resources in an optimized way. To attain this goal, the governments of all states have chosen energy
policies implying eco-friendly, clean, and renewable energy resources [10].
Among the global renewable energy markets, the Indian renewable energy market seems to be a
popular one and is currently one of the largest renewable energy-based electricity producers. As per
the recent statistics, the installed capacity of RE accounts for 20% of its peak power capacity, which was
73.35 GW as of October 2018 [11]. Overall, among the renewable energy sources, the wind has the
capacity of 34.98 GW as of 30 October 2018 [12], along with a target for installation of solar of about
100 GW by 2020 [13]. The installation capacity of biomass reached 9.54 GW and the installed capacity
of the small hydro-power reached 4.5 GW as of 30 October 2018 [12]. Ata global level, currently, India
secured a 6th place position based on its total installed renewable power plant capacity. India has also
set a target of 175 GW of electricity from RE sources by 2022, which implies that RE would be able to
contribute a 40% share of total installed capacity [14]. However, the drivers for RE in India are different
than to other countries due to socioeconomic characteristics, population density, economic growth,
cultural diversity, and geographical locations. India has given much importance and focus has shifted
to integrating RE into its energy policy, which became a champion by setting up a ministry in 1992
dedicated to alternative energy sources, which have the future. In the long run, many policy measures
have been initiated and technologies adopted to promote renewable energy penetration. The country’s
energy capacity growth roadmap is sketched in Figure 1 [14].
The current energy policy in India is principally concentrated on improving the deficiencies of
many ongoing energy projects that were established to meet energy demand. Also, it incorporates the
initiatives that integrate climate-friendly RE sources to reduce dependencies on conventional fossil
fuel-based energy resources. Recently, governments have taken initiatives that motivate the wind and
solar markets in deploying new energy plants, including non-electricity driven applications. In the last
decade, decentralized energy systems with RE sources have become emerging options. Moreover, the
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National Tariff Policy (NTP) [14] was amended in 2016 and according to it, power purchases are to be
done based on competitive bidding. Also, the NTP aimed at promoting RE adoption at a faster rate.
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Figure 1. Renewable energy policy developments in India—a roadmap [14].
Among all the states of India, Gujarat, with a latitude of 23◦ N and longitude of 72◦ E [15], is one
of the fastest advancing states with an area of 196,024 km2 [16]. Due to its geographical location,
Gujarat is one of the most promising states in India in regard to RE potentialities and current RE
generation capacity as it is higher than most other states in India. Alongside the central government,
the Gujarat state government has also taken many initiatives over the last two decades to promote
renewable energy contribution with the energy mix in the form of standalone and hybrid RE integrated
systems. Moreover, policymakers, utilities, stakeholders, and researchers are working together to
address the barriers to facilitate higher RE integration into the energy mix.
Therefore, the main aim of this study is as follows:
• To give an insight into the current energy scenarios of Gujarat, including the potentialities of
renewable energy sources and the state’s performance in utilizing RE sources so far in contributing
to its socio-economic development.
• To explore the global and Indian current energy scenarios, potential, initiatives, and policy
regulation to achieve sustainability in energy in order to meet the SDGs are explored. At the same
time, existing frameworks, research projects, and literature publications were explored to identify
suitable policy and framework options for Gujarat.
• Significantly, the limitations and barriers in the subsequent exploitation of non-conventional
energy sources are explained, and specific guidelines are suggested for future researchers to
overcome these barriers and to achieve their targeted goal in renewable energy resources.
This review will help future researchers, utilities, and stakeholders in implementing new RE
integrated projects, not only in Gujarat but also in other states of India, as well as other places around
the world.
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2. Methodology
A methodology based on an extensive literature study of the useful content available in various
data sources was used. The following two types of content were considered mainly in this review article.
a. First and foremost were the publication databases that mainly contain peer-reviewed articles
and conference proceedings. Besides, a few dissertations and related books are included. While
searching for the literature, we used a few keywords considering the Boolean operators such as
‘OR’ and ‘AND.’ The following are websites we used:
• IEEE Explore
• Science Direct
• Scopus
• Google Scholar
b. The second information source was the data from the various technical reports and documentation
on energy scenarios, energy policy, and guidelines of India, as well as Gujarat.
As a part of this state-of-the-art review, we came up with a few keywords after a detailed study
on the concepts through an iterative process of study and a brainstorming session. Keywords used in
this study are:
a. Global renewable energy scenarios; energy frameworks and research on power generation,
both standalone and hybrid; renewable energy integrated systems;
b. Energy scenarios in India (energy generation and demand, availability of conventional and
non-conventional energy sources, installed capacity of each of the sources, etc.);
c. Energy scenarios in Gujarat (energy generation and demand, availability of conventional and
non-conventional energy sources, installed capacity of each of the sources, prospects of renewable
energy sources, policy and framework, barriers and implications, etc.);
d. Energy policy (Global and Indian Energy Policy and Framework, Gujarat Energy Policy
and Framework);
e. Generic items (global warming, global energy scenario, hybrid energy systems, grid-connected,
and off-grid connected energy systems).
3. Global Renewable Energy Scenario: Policy Framework and Current Status
Energy is the critical enabler to SDGs, accelerates social progress, and enhances productivity by
improving industrialization and living standards, which provides adequate education, healthcare,
and water, in addition to reducing poverty and hunger [17]. Secure affordable and clean energy is
critical. At present, the energy sector contributes to more than two-thirds of global greenhouse gas
(GHG) emissions, which are responsible for extreme weather events as well as global warming. When
compared to fossil fuels, renewable energy sources are pollution-free. Moreover, they are proven to be
efficient both technically and environmentally [18]. Moreover, both access to energy and the growing
energy crisis also directly affects economic growth, poverty, food production, education, health, clean
water, well-being, and social security. The initial capital investment is very high, due to which the
governments were facing problems in financing these projects. Considering the situation of developing
countries, the struggle to offer capital funding and other subsidies is quite difficult [19,20]. On the other
hand, financing options vary differently in urban areas as well as in rural areas. Hence, most rural areas
do not have access to electricity, but in some situations, they might have stand-alone energy systems
mostly run by diesel generators. Sometimes, these will be coupled with solar photovoltaic (PV). On
the other hand, the world’s electricity demand is excepted to grow by 70% by 2040, which introduces
the energy crisis [4]. Moreover, energy cost is increasing day by day due to its increasing establishment
costs. Therefore, it is an essential concern today to increase the renewable energy fraction into the
energy mix with a smart grid infrastructure that can deliver efficient, reliable, and clean energy to
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society for a sustainable future. UNDP, government, utilities, stakeholders, and researchers are working
together to harvest and integrate renewable energy sources with the energy mix to achieve reliable
and affordable clean energy for all. UNDP’s policy and action plan in reducing the energy access
gap, increasing the RE share, and improving the rate of energy efficiency involves extensive support
to national governments. UNDP extends support by “providing an inclusive package of technical
assistance at the policy and institutional levels as well as on-the-ground investments ranging from
local community-level support to nationwide efforts” [21].
Recently, significant initiatives have been taken to develop policies to increase renewable energy
penetration into the energy mix. Over time, policies for renewable have been adopted as these are an
essential component for addressing pertinent issues. Many policies have been adopted throughout
the world in supporting renewables in the electricity sector, such as 61 countries introducing a
feed-in tariff (FIT), and the introduction of green certificates or auction systems, with Europe leading
implementation [14]. By 2017, policies for renewable power had spread to 121 countries. Many
countries have initiated RE targets; for example, 20% of electricity will be supplied from RE sources
in Australia by 2020 and 27% in Algeria by 2030 [21]. In spite of the fact that the distribution of
non-conventional energy resources is significant, policies and the governmental actions framed by the
government are significant in bringing updated technologies to public awareness [22–24]. As a part of
awareness for having access to the governmental policies and their benefits, an approach known as
“Footprint” is executed in European countries [25–29]. The integrated energy policy formulated by the
government of India has covered all the sources of energy resources, including RE, which helps to
develop energy supply options and to increase the exploitation of RE.
China is making significant efforts to harness the non-conventional energy resources effectively.
Factors like the tariff, economic investments, work designs, and various other policies were studied
and they seem to be primary drivers. On the other side, it was identified that non-conventional
energy resources are beneficial, considering not only the climate change issue but also in helping
to facilitate meeting the energy demand and reducing energy generation costs [30,31]. However, to
implement such facilities and to attain the target and visions of non-conventional energy development,
the significance of policies was focused upon, as they are essential for implementation [32–34]. On the
other hand, the government of Bangladesh has taken several initiatives to utilize the energy from solar
PV in addressing the energy crisis issues of a remote area [35]. One of the initiatives was the solar
home system (SHS) that started in 2003 and the primary aim is to provide electricity in Bangladesh’s
remote communities. As per the statistics, the number of installed SHSs is around 4.12 million [36,37].
In order to access the future outlook, a multicriteria analysis was performed as non-conventional
energy resources involve sophisticated technology for implementation [38,39]. The carbon storage
cycle is a suitable development in energy storage techniques of non-conventional energy resources
as it has excellent storage efficiency and storage density [40]. For a sustainable supply of renewable
energy, the multicriteria analysis of the resources based on CO2 emissions, the cost of electricity, water,
and land usage were performed [41]. Jamal et al. [42] proposed “a robust and universally convincing
plan for remote area microgrids based on the multi-criteria decision-making approach” [42]. The study
considered technical, social, economic, and environmental criteria and revealed that the economic
criterion is the most critical factor compared to other factors.
The only main concern with the renewables is when a large-scale system is planned to integrate
as they experience performance issues that are depended on weather parameters and location-specific
climatic conditions [43]. Moreover, these alternative energy sources are still not economically
competitive compared to conventional energy sources and solar energy, being the most intensive
and reliable renewable energy source, and are available only for a few hours during the day. On
the other hand, energy storage is still expensive and not a feasible solution at this stage [44,45].
Meeting energy demand only from renewable energy sources is not an attractive solution yet [45].
Therefore, to overcome these disadvantages in non-conventional energy production, hybrid systems
are being developed, integrating both conventional and non-conventional energy resources. Many
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research outcomes available demonstrated the effectiveness of hybrid power systems compared to
only conventional or only non-conventional energy systems. As a recent initiative, many tried to
investigate the potential applicability of hybrid renewable energy networks. Few case studies are
available for various weather conditions, and those can be found in [45–50]. Shafiullah et al. [45] came
out with a “techno-economic model and load management systems”, for the subtropical climate in
Central Queensland, Australia, in which it was evident that hybrid power systems are economically
and environmentally feasible and help utilities to manage the needs of a consumer efficiently. The
role of energy management and the role of numerous possible strategies have been presented in [51].
In another study, by Hassiba et al., the team proposed an optimal operational strategy [52], while
Saheb-Koussa [50] presented a wind/PV/diesel hybrid system for Algeria with battery backup. From
these studies, it is understood that hybrid energy systems are the most suitable options. In a study
by Dihrab and Sopian [48], they presented the performance of a hybrid energy system that is grid
integrated. The study was conducted for three different areas in Iraq. Their results indicate that the
proposed hybrid renewable energy system is capable of meeting the loads. However, it experiences the
performance issues that are location specific. Later, many tried proposing the concept of a mini-grid
for meeting energy loads of small range consumers. A few such projects conducted for Bangladesh
location are discussed in [53,54]. Chowdhury et al. [52] indicated that the “mini-grid could be a useful
tool to achieve the Sustainable Energy Access for All (SEforALL)” [55] goals as the proposed hybrid
mini-grid system is technically and economically viable for Bangladesh.
From the literature, it can be concluded that, in most of the research cases, analyses were done
based on techno-economic and environmental potentialities for integrating solar PV, wind, energy
storage, and grid supply. Based on the overall research, it is apparent that the roles of a hybrid energy
network, which may be a combination of renewable and non-renewable, are very crucial. These
hybrid energy networks manage the peak demands and favor the overall electricity cost. However,
the selection of hybrid energy network configuration is very crucial as it involves the active survey of
energy sources. India has adopted many policies to ensure access to energy to all, considering the
growing energy demand and domestic supply gaps. This also enjoys significant support from the
political system and is recognized in the “Integrated Energy Policy (IEP)” [14]. The key factors, such as
energy security and energy access to all, are given much priority. In order to reduce greenhouse gas
emissions, RE has been recognized as a viable alternative and many RE projects have been initiated
over the last decade to promote climate-friendly energy generation. India has a high potential for these
new and renewable energy resources from diverse energy sources. Up to 31 March 2017, the total
potential for renewable energy generation of the country was around 1,001,132 MW.
The solar power potential was about 649,342 MW (share of 64.68%), while wind potential was
about 302,251 MW (share of 30.19%) [56]. Gujarat has the potential for the generation of about 12.17%
of total demand, which is the second-largest among the Indian states after Rajasthan in the case of
solar, as of the date 31st March 2107 [57]. The non-urban areas that are yet to be electrified in India
can be energized using hybrid non-conventional energy resources that are economical [58–60]. In [61],
nine different combinations of RE sources have been investigated to explore the techno-economic and
social viability issues. Among them, the micro-hydropower (MHP)–biogas–biomass–wind–PV–battery
option offers the most suitable system. A hybrid energy source combining wind and solar energy
was used in a rural village of Ethiopia, which satisfactorily played the role of a distributed generation
system that served up to 200 households [62]. Singh et al. [62] stated that energy from only RE sources
is expensive, while hybrid combinations of RE sources have more potential and can diversify India’s
remote area energy supply, which will serve to stimulate the Indian economy.
India has set 175 GW as a tentative target for total RE generation that is to be achieved by 2022 [63].
In order to achieve the target, Indian governmental policies need to be strengthened to tackle the
problems of policy uncertainty, availability of finance, quality of electrical transmission and distribution
networks, and the financial status of the state electricity boards [14].
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The practical implementation of policies and their impact would depend on the governance of the
country. Ata global level, many countries have different policies, and considering the policies practiced
in other countries may not be directly applicable to India [14]. India has gathered experience from
other countries on how to accommodate feed-in tariffs, net metering, or financial support schemes. The
schemes based on the learned experiences have helped to accelerate the implementation of suitable
Indian policy options, and hence the share of renewable energy is increasing day by day. Moreover,
both the central and state governments have taken initiatives related to the policy, which led India to
play an instrumental role in achieving the renewable energy target. However, it remains an essential
need to explore the current barriers concerning social, technical, and economic factors to harness RE
in order to increase its integration into the energy mix. This review research explored the current
renewable energy status of Gujarat as a case study, including the potential socioeconomic and technical
barriers, and provides a set of recommendations to improve or remove the barriers that will enable
increases of renewable shares to achieve the government RE target.
4. Gujarat’s Renewable Scenario—Current Status and Future Prospects
Gujarat, a pioneer in energy, is surrounded by “Madhya Pradesh on the east, the Arabian Sea and
the Pakistan province on the west, Rajasthan on the north and Maharashtra and the Union Territories of
Diu, Daman, Dadra, and Nagar Haveli on the south” [64]. Even though Gandhi Nagar is the capital of
the state, Ahmedabad is well-thought-out as the financial city in Gujarat and is its largest city. Gujarat
has been a pioneer of energy production, contributing 9% of India’s energy demand. The generation
from renewable energy resources has increased from 5.6% in fiscal year (FY) 2015–2016 to 9.2% during
the year 2018–2019 [64].
India has one of the most attractive renewable energy markets in the world [65]. Gujarat
contributed to 110,739 MW of renewable power generation during the year of 2017–2018, which
contributed 26% of total state generation; this is one of the highest values in comparison to the values
of other states in India. In the case of solar generation capacity of states, Gujarat stands fifth after
Tamil Nadu, with an installed capacity of about 1587 MW of solar projects [66]. Gujarat Electricity
Regulatory Commission (GERC) has enhanced the Renewable Purchase Obligation (RPO), with the
minimum power to be purchased from green energy resources rising from the current 10% to 17% in
the next five years [63]. Renewable energy potential of various states in India is shown in Figure 2 [67].
The climatic characteristics of Gujarat play a significant part in deciding the most suitable renewable
energy generation options, and thus knowing Gujarat’s climate would be greatly beneficial. Gujarat
experiences both tropical and subtropical steppe climates. The state also experiences occasional
droughts and floods. Occasionally, cyclones occur along the coastline.
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Figure 2. The renewable energy f arious states (adapted from [67]).
4.1. Wind Energy
The average wind speed across the state as 4.7 k /h during the year 2018 [68]. Surveys
conducted have shown dec nt wind power potentials for establishing offshore wind tur i t on
the west coa and the southern tip of the Indian peninsula. Gujarat shares 19.25 (i. ., ) of
the total wind e ergy production n India, whic is around 31,382 MW [69]. Aided lit of
offshore wind, the private sector has also planned to install off-shore plants on the “Gujarat coast t the
Gulf of Kutch” [70]. The Indian government has established a goal for achieving 5 GW of offshore
wind capacity by the end of 2022 and 30 GW by 2030. The government plans to install 1 GW capacity
at the offshore of Gujarat. An expression of interest (EoI) for the country’s inaugural offshore wind
park at Gujarat was called in April 2018, which attracted 35 responses from domestic and international
companies [71].
4.2. Solar Energy
India is rich in solar energy, with annual solar radiation of 200 MW/square km and with the
potential of solar power generation totaling 750 GW [72]. In semiarid and arid regions like the western
plateau of India, Gujarat and western coastal regions receive global irradiance of 5 kWh/m2/day.
Gujarat is one of the hotspots for solar energy generation, with annual global direct irradiance of
5.82 kWh/m2/day [73]. The state and central governments took initiatives and installed solar plants of
1607 MW capacity [74]. Gujarat contributes to 8% of India’s total solar installations [75]. Sardar Sarovar
Sangam Nigam Ltd. (SSNL) commissioned 10 MW solar power projects on structures spanning over
the top of als and 15 MW of canal bank power projects at Vadodara b anch canal in eptember
2017. By 2022, Jawaharlal Nehru Nationa Solar Mission (JNNSM) has planned to install 20 GW of
solar power plants connec ed t the grid [76]. The a rpo t of Ahmedabad i stalled a 700 kWp rooftop
solar plant as an initiative from the state government towards installing solar [77,78].
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4.3. Biomass Energy
The potential assessment study carried out by the Ministry of New and Renewable Energy (MNRE)
in Gujarat state indicated that the state has around 1014 MW of biomass electricity potential and
350 MW of electricity from bagasse using cogeneration [79]. The reason behind the possibility of
biomass energy is due to the availability of various agro-feedstocks such as “stalks of mustard, juliflora,
maize, dhaniya, soybean, cotton, tuver and sesame” [80]. The estimated availability of these resources
found in the state is about 24 million tones [81]. As of 31 March 2016, biomass-based grid-integrated
projects’ peak capacity in the Gujarat state accounts for 41.10 MW. The main drawback causing the
underutilization of biomass energy is that it is not available continuously for the whole year. The
biomass from agriculture is available only during the harvesting period for two to three months in a
year. Therefore, there is a need to store a significant biomass quantity for future use [82].
4.4. Hydro Energy
Gujarat has 185 river basins, but most of the river flows are concentrated in the relatively short
monsoon season. With the considerable resource of water available, the state possesses the potential
for hydel projects of 201.97 MW according to MNRE, whereas the projects currently installed are only
38.6 MW [83]. This state has only three major projects used for the production of hydroelectricity,
and the state is concentrated more on the production of hydropower [84]. Sardar Sarovar Project has
the Canal Head project of an installed capacity of 250 MW commissioned by SSNL [84,85]. In order to
promote the usage of rivers and streams of Gujarat for clean energy production, the state introduced its
Gujarat Small Hydel Policy in 2016 [86]. During the year 2018–2019, three projects were commissioned
on Narmada Branch Canals by SSNL, with a total installed capacity of 31.2 MW [87].
4.5. Tidal Energy
India’s current tidal energy potential is around 8000 MW, as estimated by MNRE [88]. This is
mainly because India has a long coastline that extends to about 7500 km “where the height of high tide
is five meters ahead of the low tide”, which helps in capturing a large amount of energy [89]. Of the
total potential of India, the potential at the Gulf of Khambhat alone was found to be about 7000 MW
and potential at the Gulf of Kutch in Gujarat was found to be 1200 MW [90]. These high values of
potential in the state are mainly due to a maximum tidal range of about 11 m and 8 m, with the current
velocity reaching up to 3 m/s at the Gulf of Kutch and the Gulf of Khambhat on the west coast [89].
4.6. Geothermal Energy
India has a vast potential for geothermal energy of around 10,000 MW [91]. Gujarat is the first
state in India to be approved for the construction of the geothermal power plants at Dholera. Two
geothermal bore wells were drilled at Dholera because the temperature was in the range of 47–50 ◦C [92].
The hot water obtained from the wells was used to generate power using the Organic Rankine Cycle
(ORC) technique. This is the only active geothermal power station in India. The geothermal power has
not yet been developed because the state and central governments of India do not have any suitable
or favorable policies to develop these resources and require high investment costs compared to the
non-renewable and other renewable sources. If the government of India implements beneficial policies,
then the renewable resources can satisfy the total demand of the country, provided the government
policies are used effectively and the renewable energy is developed up to its potential.
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5. Lessons Learnt from the Literature on Gujarat’s Renewable Energy Scenario
5.1. Recent Developments
This section provides a summary of the recent developments in various renewable energy projects
in the Gujarat state. Major developments during the years 2008–2018 are given. Also, the generation
trend of various energy resources in Gujarat, along with an example, are presented in Table 1.
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Table 1. Major developments and policy on renewable energy in Gujarat.
Resources Developments During 2008–2018 Installed Capacity Statistics Example
Wind
• Between the years 2008–2009, the installation of wind projects has been increased by
25% in Gujarat, with an average increase of 17% in India.
• A remarkable growth in wind energy generation started with Oil and Natural Gas
Corporation (ONGC) Ltd. and established a 51 MW wind plant in 2008.
• The introduction of generation-based incentives for wind power producers in 2009 has
increased the investments in wind projects [93].
• In 2010, GERC passed a second tariff order for wind energy generation and allowed
third party sales without cross-subsidy in the state [94].
• By 2012, Gujarat had achieved the second-highest state-wise installed capacity of
2966.88 MW.
• The state introduced a new wind energy policy in 2016, which entailed more private
sector investment for the development of the wind parks.
• The government of Gujarat allocated land for a solar-wind hybrid park, which
encourages setting up 3500 MW of wind projects out of 7000 MW of projects by Solar
Energy Corporation of India Ltd., (SECI) [95].
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Solar
• Gujarat started its growth in solar power generation from 2008 after the revision of state
solar policy.
• In 2009, Gujarat Solar Power Policy was revised, which led to a capacity addition of
1000 MW [96].
• The introduction of JNNSM in 2010 significantly increased solar projects in Gujarat.
JNNSM approved the installation of 365 MW capacity in Gujarat. Further, it approved
351 MW of concentrating solar panel projects in Gujarat [ 7].
• In 2012, the installed capacity was 604.89 MW, as the government of Gujarat (GoG)
initiated canal-top solar power projects on the riverbanks.
• Several rooftop solar schemes and programs were launched between the
years 2012–2013.
• In 2015, the state solar installed capacity was 1000.02 MW, and Gujarat contributed 23%
of total rooftop solar projects in India.
• In 2018, the installed capacity of solar pr jects in Gujarat had reached 1766 MW as of 31
October, with the successful framework of policies at the state and national level for
solar projects [98].
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Table 1. Cont.
Resources Developments During 2008–2018 Installed Capacity Statistics Example
Small
Hydropower
• Gujarat has less share in hydropower in India. The state owns four major projects.
• The state government and private sector implemented several canal-based projects with
total installed capacity as 779 MW [84].
• The hydropower plants will take twice the time of solar or wind projects for
construction and commissioning. In particular, the Sardar Sarovar Dam on the
Narmada River in Gujarat took five years to construct [94].
• The overall hydropower plant development has increased significantly during the 11th
Five-Year Plan period (2007–2012) in India, which was later stabilized.
• MNRE provides central financial assistance (CFA) for hydro in both the public and
private sectors.
• In 2016, Gujarat Small Hydel Power Policy was introduced to promote projects on
canals, rivers, and streams, and also to encourage private sector investment. This
increased the installed capacity to 16.6 MW in 2017.
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Biomass
• Biomass energy potential is high in Gujarat [79].
• In 2010, the GERC passed orders for the procurement of renewable electricity ge erated
by burning biomass at Ahmedabad. A capacity was inst lled for less than 1 MW for
production from biomass [99].
• In 2013, the GERC passed an order for the procurement of power from biomass-based
power projects and bagasse-based cogeneration projects at Gandhinagar [100].
• In 2016, the government of Gujarat commissioned a policy on “waste to energy” for an
operational period of 5 years [100].
• In 2018, the MNRE introduced a few schemes that promote the use of energy efficiency
measures such as cogeneration using waste biomass, especially in sugar and other
related industries [101].
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In Table 1, the recent developments are given as per the renewable energy resources. These
developments include the already commissioned power plants, projects that are under commissioning
stage and the planned projects.
5.2. Prospects and Implications
Finally, through the lessons learned from the extensive policy and framework reviews and the
literature surveys, key findings and implications were extracted for each of the available RE resources
that help in prompting/deploying generation from those resources in Gujarat in the near future,
and these are presented in Table 2.
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Table 2. Key findings and implications of renewable energy (RE) integration at Gujarat.
Renewable Energy Type Key Finding and Implications
Wind Energy
-Gujarat is one of the states in India to produce electricity from the wind in a larger amount [70].
-Many private sectors are involved in the production of electricity from the wind due to the favorable policies by the central government and the state
government [70].
-The potential of Gujarat for the offshore windmill is high. However, the interest shown by both central and state governments is not sufficient [65].
Due to these reasons, private companies are not showing interest in the production of electricity from the off-shore windmill.
-If the central and state government of India come up with favorable policies for the offshore windmill, then a large amount of renewable power can be
generated by this renewable resource.
-Gujarat has refined the land policy for renewable projects recently, which seeks to set up wind parks in Gujarat in upcoming years [67].
Solar Energy
-The solar plant capacity planned to be installed by JNNSM does not meet the requirements of the National Action Plan on Climate Change (NAPCC).
-Gujarat provides gross metering and a feed-in tariff for rooftop projects [77].
-Government of Gujarat with GEDA has implemented many solar projects, like installation of solar street lighting and standalone systems on main
roads and solar PV on rooftops and solar/LED- based traffic signals on main roads [103].
-Gujarat government provides net metering rooftop solar grid-interactive systems; installing them will reduce the consumer’s utility bill.
-Gujarat announced the Wind Solar Hybrid Power Policy in 2018 for optimal usage of land and grid, which will improve the production in
upcoming years.
Biomass Energy
-There are many plants as the waste from agriculture are used here to generate electricity [81].
-The policies and the subsidy by the governments are favorable. Due to the available policies, the biomass generation is available in Gujarat to
some extent.
-However, the main reason for not developing the biomass is that the raw material is not available [82].
-As the agricultural products are available for only 2–3 months, it can be operated only for that period [82].
Small Hydro Energy
-Each small hydro plant has a maximum capacity of 25 MW. Thus, few projects with lesser capacity will not meet the target generation [87].
-The state government should provide its equity funding to the private sectors, thus encouraging the projects.
-The Indian government proposed a policy that would provide long-time loan repayment and lower interest and other incentives, which would bring
down the tariff for hydro projects [85].
-The projects can further be improved when specific barriers like land acquisition, financing risks, and precise policy formulation are
adequately addressed.
Tidal Energy
-The potential of Gujarat for tidal energy is huge due to its geographical locations [88].
-The state and central government do not show any interest, due to which there is no active tidal power plant in the country [88].
-Due to the lack of policies as of today, no private sector is willing to invest in the tidal projects. If the government comes up with attractive policies,
then the private sector can be able to come up with a plan for generating energy from the tidal energy [88].
Geothermal Energy
-The construction costs for a geothermal power plant will be around 25% higher when compared to the cost required for the construction of the other
power plants [91].
-As no private sector has implemented this resource due to policy issues, there is only one power plant in the state, even though the country has a
potential of more than 10,000 MW [92].
-If the state encourages these resources through effective policies and subsidies, then the state, as well as the country, can attain more installed capacity
from this renewable resource.
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5.3. Intelligent Monitoring and Optimization Facility
The government of Gujarat in 2004 established the State Load Dispatch Centre (SLDC) in order to
ensure the power system operation. “SLDC is liable for managing real-time operations for grid control
and dispatch of electricity within the state to ensure secure and economic operation” [104]. Some of
the critical functions of SLDC are system operation and control, scheduling/rescheduling of generation,
dispatch of loads, fault detection and restoration, and metering and data collection. A typical snapshot
of SLDC control is presented in Figure 3. With time, SLDC has taken many initiatives to improve its
capacity, not only by integrating state of the art technology, but also expanding its system based on the
need for increasing load demands, network congestion, equipment replacement, or repair needs due
to age and fault detection.
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(adapted from [105]). [Note: SC rvisory control and data acquisition; LAN—loc l rea
network; ICCP—inter control center communications protocol; ICCC—integrated control and command
center; GSM—global system for mobile; GPRS—general packet radio service; MPLS—multi-protocol
label switching; RTU—remote terminal unit; MW—megawatt; MVAR—mega volt-amps (reactive);
kV—kilovolts; GHz—gigahertz; IEC—international electro technical commission; PLCC—power line
carrier communication].
SLDC currently uses intelligent tools to monitor the performance of the power systems network
and helps to ensure efficient and reliable power delivery to the community. It not only provides
real-time data information of its network condition, but also helps utilities by providing historical
information about load growth, generation capacity, and generation trends from intermitted RE
sources [104]. Figure 4 presents maximum demand in the last ten years that shows an almost linear
growth in demand from which the state government and the utility can predict future load growth.
Accordingly, utilities can identify their generation strategies to meet the load demand. Figure 5 shows
that 26% of energy is generated from RE sources and also indicates the growth of RE generation
from 2012–2018.
Energies 2020, 13, 40 16 of 30
Energies 2019, 12, x FOR PEER REVIEW 14 of 30 
 
   
Figure 4. Maximum demand supplied in the 2007–2008; 2008–2009; 2009–2010; 2010–2011; 2011–2012; 
2012–2013; 2013–2014; 2014–2015; 2015–2016; 2016–2017; 2017–2018. 
 
Figure 5. Installed renewable energy capacity. 
Hourly wind and solar generation patterns during Fiscal Year FY 2017–2018 are shown in 
Figures 6 and 7, respectively, in which it can be seen that generation from wind and solar varied 
randomly hour by hour. These data help utilities to identify their generation philosophy in order to 
run standby generators or energy storage systems, if available. SLDC not only helps utilities to 
identify their generation trends but also to identify power quality issues, in particular, voltage 
fluctuations and frequency variations due to large integration of RE into the grid. Figure 8 presents 
the number of days in a year that voltages were beyond 420 kV in a few power stations at Gujarat, 
while the nominal voltage was only 400 kV. The monthly average frequency trend is shown in 
Figure 9. Therefore, this sophisticated state-of-the-art facility helps the Gujarat electricity sector to 
monitor, optimize, and control the power systems network in order to deliver efficient, reliable, 
cost-effective and sustainable power to the customer [104]. 
Figure 4. Maximum demand supplied in the 2007–2008; 2008–2009; 2009–2010; 2010–2011; 2011–2012;
2012–2013; 2013–2014; 2014–2015; 2015–2016; 2016–2017; 2017–2018.
Energies 2019, 12, x FOR PEER REVIEW 14 of 30 
 
   
Figure 4. Maximum demand supplied in the 2007–2008; 2008–2009; 2009–2010; 2010–2011; 2011–2012; 
2012–2013; 2013–2014; 2014–2015; 2015–2016; 2016–2017; 2017–2018. 
 
Figure 5. Installed renewable energy capacity. 
Hourly wind and solar generation patterns during Fiscal Year FY 2017–2018 are shown in 
Figures 6 and 7, respectively, in which it can be seen that generation from wind and solar varied 
randomly hour by hour. These data help utilities to identify their generation philosophy in order to 
run standby generators or energy storage systems, if available. SLDC not only helps utilities to 
identify their generation trends but also to identify power quality issues, in particular, voltage 
fluctuations and frequency variations due to large integration of RE into the grid. Figure 8 presents 
the number of days in a year that voltages were beyond 420 kV in a few power stations at Gujarat, 
while the nominal voltage was only 400 kV. The monthly average frequency trend is shown in 
Figure 9. Therefore, this sophisticated state-of-the-art facility helps the Gujarat electricity sector to 
monitor, optimize, and control the power systems network in order to deliver efficient, reliable, 
cost-effective and sustainable power to the customer [104]. 
Figure 5. Installe rene able energy capacity.
Hourly wind and solar generation patterns during Fiscal Ye r FY 2017– 8 are shown in Figures 6
and 7, respectively, in which it can be seen that generation from wind and solar varied randomly
hour by hour. These data help utilities to identify their generation philosophy in order to run standby
generators or energy storage systems, if available. SLDC not only helps utilities to identify their
generation trends but also to identify power quality issues, in particular, voltage fluctuations and
frequency variations due to large integration of RE into the grid. Figure 8 presents the number of days
in a year that voltages were beyond 420 kV in a few power stations at Gujarat, while the nominal
voltage was only 400 kV. The monthly average frequency trend is shown in Figure 9. Therefore, this
sophisticated state-of-the-art facility helps the Gujarat electricity sector to monitor, optimize, and
control th power systems network in rder to deliver efficient, reliable, cost-effective and sustainable
power to the customer [104].
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5.4. Future Initiatives
Deregulation has promoted several beneficial circumstances for RE production. Solar and wind
are the leading RE sources in Gujarat, whereas tidal and geothermal are under development. The
state has many plans for the advancement of RE generation. Planned projects have to be implemented
properly in order to accomplish the targeted power by the end of 2022. The current and future installed
capacity of RE resources as per MNRE’s 2017 report was shown in Figure 10. Outcomes of key policy
and planning undertaken by the Gujarat Governmen for meeting the RE integration targets are
give below:
• Gujarat has set its target to install 22.6 GW of electricity by 2022 from RE sources, where the
current installed capacity is 7.6 GW [107].
• The state has set a target to install 1000 MW of solar and 2000 MW of wind projects every year to
meet the renewable purchase obligation (RPO) of 17% by 2022 [108].
• Old and conventional generation plants are to be phased out, and new plants with more capacity
are to be installed [109].
• Gujarat has also outlined a plan for the next three years from 2019, under which the state will
produce 15,000 MW energy, out of which 10,000 MW would be from solar and 5000MW from the
wind. Thus, the state would increase the renewable energy generation to 53% of total energy
production, where it is currently 28% [110].
• For encouraging wind and solar power projects, the state has introduced a wind-solar hybrid
power policy 2018. Through this policy, the government is expected to produce 30,000 MW of
energy by the year 2030 and the government will also provide wasteland for 40-year leases to set
up these hybrid parks [110].
• “Government of India has set a target to achieve 5 GW of energy from offshore wind projects
by 2020” [111].
• The gov rnment is to set up 1000 MW mid-sea wind plant near Pipavav. Solar parks of 5000 MW
at Dholera, 700 MW at Radha Nesda, and 500 MW at Harshad will also be developed [112].
• Small hydropower projects of installed capacity 53 MW are under construction along the Canal of
Narmada River through SSNM [87]. The state would produce 25 MW of power from small hydro
plants by the year 2022, tentatively [113].
• The MNRE has a target of producing 288 MW from biomass power by the year 2022 [113]. MNRE
has taken initiatives to promote biomass power and bagasse cogeneration in the country. Waste to
energy projects is also being set up to develop energy from industrial and agricultural waste.
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• Other upcoming large-scale projects are 700 MW solar power park at Banaskantha district, 75 MW
solar PV power plant at Dhuvaran Thermal Power Station.
Energies 2019, 12, x FOR PEER REVIEW 16 of 30 
 
. 
Figure 9. Monthly average frequency trend. 
5.4. Future Initiatives 
Deregulation has promoted several beneficial circumstances for RE production. Solar and wind 
are the leading RE sources in Gujarat, whereas tidal and geothermal are under development. The 
state has many plans for the advancement of RE generation. Planned projects have to be 
implemented properly in order to accomplish the targeted power by the end of 2022. The current 
and future installed capacity of RE resources as per MNRE’s 2017 report was shown in Figure 10. 
Outcomes of key policy and planning undertaken by the Gujarat Government for meeting the RE 
integration targets are given below:  
 
Figure 10. Developmental stages of renewable energy resources (Data source: 2017 Research Report 
on Energy Sector in Gujarat [106]). 
 Gujarat has set its target to install 22.6 GW of electricity by 2022 from RE sources, where the 
current installed capacity is 7.6 GW [107].  
 The state has set a target to install 1000 MW of solar and 2000 MW of wind projects every year 
to meet the renewable purchase obligation (RPO) of 17% by 2022 [108]. 
Figure 10. Developmental stages of renewable energy resources (Data source: 2017 Research Report on
Energy Sector in Gujarat [106]).
It is evident that to increase the renewable energy contribution in the energy mix, the federal
government of India and the state government of Gujarat have issued many policy guidelines,
in particular, o increase electricity generation from solar, wind, small hydro, and biomass resources.
The studied policies suggest the st t ’s v sion in a few areas, such as energy project development,
an incentive for promotion, and measures for facilitation. Due to these policy implementations and
initiatives, Gujarat is now one of the pioneer states in India that generates a significant amount of energy
from RE sources and is almost at the stage of reaching their RE target. However, enormous opportunities
are still available throughout the states that have not yet been fully explored. Barriers/constraints are
the major reasons for not exploring and these barriers include political and social issues, availability of
land space for RE plants, and financial and technical considerations regarding the regions requiring
RE development.
6. Practical Barriers and Recommendations
Major barriers faced by power sectors in order to harvest large-scale RE sources and their
integration into the existing energy network are presented in this section.
6.1. Financial Barrier
RE faces financial barriers due to a lack of awareness of the technology and the available resources.
The electricity generation costs of these RE sources are high. These require higher capital investments
initially based on the availability of suitable installation sites. As the capital costs for RE plants are high
compared to the fossil fuel generation plants, there is a primary need for finding the ways that must be
adopted. Adding to this, risks involving technology are high in RE projects as the technologies are still
in development stages [114]. Bankers are reluctant to fund RE projects because they are non-tradable.
The various financial barriers faced in the development of solar included finance for the project,
higher interest rates of about 12–15%, long payback periods, and hence, the availability of bank funding
only after the project was commissioned [106]. The various funding sources were provided through
foreign financing, syndicate loaning, short-term loans, and bridge loans. Due to the elevated prices
of the solar panels, they accounted for 50% of the total project cost, which leads to the absence of
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self-financing sources for project closure. Moreover, the generation through solar is most prominent
compared to other ways of generation [115]. However, it is affected through the thermal losses which
arise due to the variations in temperature. This can be reduced using anti-reflective coatings which in
turn increases the overall cost [116].
The Indian Renewable Energy Development Agency (IREDA) plays a major part in the
development of wind power projects. However, there is a need for developing financial institutions,
particularly those backing the wind energy plants [117]. The various financial constraints faced by wind
farms for their development [118] are high financial costs, volatile market, uncertain policy environment,
lack of fixed interest rate loans, unavailability of long-term hedging instruments, uncertainty in financial
markets, and availability of funds.
6.2. Political and Policy Barriers
A strong political stand is required in promoting the RE projects in both providing financial
support as well as policy regulation. Some insufficient regulations or incentives encourage achieving
renewable energy targets (RET) by industries or businesses. Moreover, the governments of India’s
policies lack tax benefits, subsidies for consumers, licensing requirements, etc. [117]. The Gujarat Solar
Power Project (GSPP) 2009 also has a clause that states generated power can be sold only to Gujarat
Energy Transmission Corporation Limited (GETCO) and not to any local grids, nor any buyers. This
makes the power purchase agreement (PPA) non-tradable, and banks fund projects only if they are
tradable [76].
6.3. Institutional and Industrial Barriers
Due to specific policy and financial limitations, the expected growth of RE is not observed in
various institutions, particularly educational institutes, research centers, community activity centers,
and hospitals. Risks for domestic investors are lack of negotiators, low credit ratings, land acquisition
problems, etc. For foreign investors, off-taker risks, the lack of transmission facilities, and currency
risks act as barriers for their investment [119]. Industries also faced challenges with a limited workforce
when building the solar sector. It was not a huge problem, but it has to be acknowledged that there
was a definite shortage of proficient personnel in the region [106].
6.4. Land Availability Challenges
Renewable energy plants require large areas, and this might cause deforestation of forest
lands, thus causing threats to the wildlife or degradation of the coastal area, threatening tourism.
Also, these systems have their influence on “land in terms of soil erosion”, “damage to drainage
channels”, etc. [120]. Land acquisition is a key issue for the progress of RE plants. Lengthy endorsement
procedures and the failure of the government to offer approvals to developers for infrastructure
expansion is one of the important barriers [121].
6.5. Market and Technology Barrier
The green electricity generating companies are comparatively small, and available resources for
small companies are therefore limited compared to large conventional energy generation systems [121].
Markets should be competitive in order to use resources effectively and to satisfy their preferences.
However, on the other side, manufacturers may be unable to capture all the benefits and unwilling
to provide detailed information on RETs, which is a barrier for the consumer market [122]. It is
noticeable that advancing a grid-associated solar PV power plant in the state requires other logistics
arrangements as the plant elements are already installed and commissioned [106]. For technologies
like crystalline silicon technology and thin-film technology, the materials required are insufficient and
they are imported from other countries.
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6.6. Research and Development (R&D) Cost Barrier
R&D is essential in order to develop new technologies, new plants, and new generation capacity
for Gujarat, which requires a significant investment. The number of research and development centers
was limited, which affected new research progresses. Insufficient training institutes led to the absence of
skilled labor [123] “Risk of innovation leakage and exploitation by competing markets puts pressure on
the firms to invest for short-term returns” [124]. R&D is also lagging because of the lack of collaboration
among national and international organizations [125].
6.7. Technical Barriers
Most of the RE resources are dependent on seasonal variations and are also affected by location
and time. Electricity generation potentials from the wind, and solar plants would mainly depend on
weather conditions such as solar irradiance, temperature, humidity, and wind speed [126–128]. Hydro
resources are available more during the winter season and less during summer, as the availability of
water is much lesser in summer than winter. There is a clear mismatch between the energy output
and the load, which results in energy loss. On the other side, there are large amounts of uncertainties
in the energy network as the behavior of RE resources varied based on the location distance from
load centers, and this introduces bidirectional power flows in the network. Moreover, the lack of
digital machinery in existing networks puts the complete electricity network at risk. However, while
integrating large-scale RE with the current power grid, we face many issues that need special attention.
These issues include power quality (PQ), power factor, efficiency, energy conversion cost, operating cost,
demand management, reliability, safety, security, and efficiency [43,129]. Major challenges observed
concerning PQ in the power system network with RE integration are voltage and frequency deviation,
harmonic injections, reactive power compensation, and active power control [130,131]. Renewable
technologies also involve high risk as technologies are still in the development stage. For example,
the solar PV technologies seems to be matured enough, but still risks due to failures, faults, and
degradation are very high [132]. Overall, risks involving the technical side are not known and outcomes
of the REs are uncertain. Manufacturing units are small and use conventional equipment. For spare
parts or some raw materials, the country is still dependent on international suppliers [120].
6.8. Overall Assessment of Barriers in Renewable Energy Resources
The above-discussed barriers prevent the effective implementation of non-conventional energies
in Gujarat. Based on the brief study carried out in this study, overall barriers related to renewable
implementation in the Gujarat state are presented in Table 3.
Table 3. Barriers in integrating non-conventional energy resources into India’s energy mix.
Renewable Energy Sources Barriers
Wind [133,134]
-Intermittent nature of wind.
-Lack of promotion to the public about the benefit of wind plants.
-High capital and installation cost and long payback period.
-Lack of investment from the public and private sectors.
-Regulatory uncertainty in investment.
-Lack of strong support from the current wind energy policy
Solar [135–142]
-Intermittent nature and available only for a few hours in a day.
-Lack of knowledge about the overall benefit of installing solar plants
-High upfront/installation cost, and long payback period.
-Unawareness about the financial subsidy from the government for the installation
of a solar plant.
-Lack of marketing strategies and campaigns.
-Political dependency and contradictory tensions for solar PV development
-Issues related to spatial justice and the land politics
-Effect of solar PV plants performance degradation on the economic gains
-Reduction in power conversion efficiency with the increase in PV module
temperature based on ambient conditions.
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Table 3. Cont.
Renewable Energy Sources Barriers
Hydro [143–145]
-Geographical location and rain dependency
-Lack of technology development and low efficiency.
-High upfront cost.
-Lack of regulations and related policies that mainly govern the progress of
small hydropower.
-High risk of dam failure.
Biomass [146–148]
-The installation cost is high, and it is not affordable for rural people.
-The lack of knowledge about the technology and high failure ratio.
-Underfeeding makes the biomass plant works unsatisfactorily.
-The wrong ratio of water and substrate is the leading cause of underfeeding.
-No proper technology for waste segregation.
-Lack of private investment.
Geothermal [149,150]
-The expenses of drilling the geothermal well are very high compared to oil
and gas wells.
-High risk of seismicity.
Tidal [151]
-High capital cost.
-Technology is at the deployment stage.
-Evacuation is tedious in islands and mangroves.
-Environmental impact on the marine ecosystem.
6.9. Recommendations to Overcome Barriers
• The government of India (GoI) must formulate action plans for the inclusive expansion of the RET
sector. State governments should be consulted for formulating these action plans.
• GoI should pass RE laws to provide an inclusive legislative framework for all REs within a
stipulated time.
• GoI must recommend appropriate standards and set a few benchmarks related to performance,
durability, and reliability of various RETs for greater market penetration.
• So far, only 16 states have a renewable purchase obligation (RPO). States must set the RPO
as mandatory within a suitable timeframe, failing which the Central Electricity Regulatory
Commission (CERC) may determine the RPO for them [152].
• The GoI could best initiate financing possibilities and special fund allocation for RE projects. The
role of insurance companies and other provident funds-related companies could be used to invest
10% of their portfolios into RE.
• RE should be made a priority sector to increase the funds available for the projects and lead to
more extensive participation by commercial banks.
• To reduce the costs involving solar technologies, GoI should promote a core company to produce
silicon and wafers.
• India, as well as Gujarat, should take the necessary steps to encourage research and development
by setting up R&D test centers and increasing investment in this sector.
• The cost of manufacturing should be reduced by framing policy and providing incentives to
the stakeholders.
• Skill improvement training sessions on renewables to the interested people will promote RE
generation in the future.
• Energy scheduling and the use of forecasting tools is very much essential. We recommend the
grid operators to have control over the operating conditions and prior planning on the operation
and maintenance of renewable-based power systems.
• Developing an appropriate design of the electrical equipment required for the grid integration
of renewables. The control systems of an electrical circuit or the components mainly used for
mitigating the fluctuations of voltage. The components related to power quality improvements
with reactive power compensation are to be designed. Besides, the electrical circuits related to
power factor improvements must be developed.
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7. Conclusions
Renewable energy harvesting and their integration into the energy mix is a crucial requirement for
meeting the rapidly growing energy demands in an environmentally friendly manner. With renewable
energies being one of the critical enablers of SDGs, the primary focus throughout the world is to
increase their penetration with the current power systems. Accordingly, the United Nations, national
governments, civil society, the research community, policymakers, and the private sector, as well
as stakeholders, are working together for a sustainable energy system for the future. The energy
demand in India is increasing gradually due to economic growth, as well as the rise in population.
It will be more than double by 2030, which prompted the Indian Government to take major initiatives
concerning policy-making and financial investments to harvest energy from climate-friendly renewable
energy sources.
• Gujarat, one of the rising and most significant states in India, was selected as the case
study for this research, which evaluated the renewable energy progress with an insight into
the state’s performance in utilizing renewable energy so far in contributing to the state’s
socio-economic development.
• Gujarat has an enormous renewable energy potential, in particular, wind, solar, and tidal energy
resources due to its geographical location, which is climate-friendly and abundant.
• For meeting its energy demand, Gujarat needs to come up with new policies and guidelines to
harvest its high potential for achieving the intended goal. Gujarat’s government has already taken
several initiatives to promote renewable energy generation by adopting improved policies and
targeted financial investments.
• The Gujarat solar power policy in 2009 acted as a driving force by providing incentives to the
developers. It acted as a significant development for grid-connected solar projects by utilizing the
government’s lands.
• Gujarat’s new policies also emphasize rooftop projects to meet the target of 3.2 GW installed
capacity by 2022. Low tariffs for wind power projects invited significant investments in recent years.
• Gujarat’s wind-solar hybrid power policy in 2018 helped to utilize the potential of both the
resources, the policy provider’s land, incentives, and waiver for cross-subsidy surcharge.
• The future renewable energy focus in Gujarat is on the offshore wind power plant, geothermal
power plant, and tidal power plant.
• Investment-based renewable energy producers are well-inspired by the government of Gujarat
to promote more potential industries and people. The government has also planned to set up
research and development labs to test new technologies.
This study identified the limitations and barriers in facilitating renewable energy integration and
provided guidelines with recommendations that the government, utilities, and stakeholders can use to
overcome these barriers and to achieve their targeted goal. The government, policymakers, utilities,
industrialists, local and international investors, stakeholders, and researchers can use the outcomes of
this study as a useful guideline in their planning for deploying renewable integrated projects, not only
in Gujarat but also other states of India, as well as other places around the world.
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